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apply to all epithelial cell lines. The OpaGl protein from strain 
F62 GC expressed in £, coii DH5a promotes attachment and 
invasion of ME ISO cervical carcinoma cells (16). By dendro- 
gram analysis of Opa proteins the OpaGl protein does not 
belong to the same branch as MSll OpaA (13). We have 
shown that Opal expressed by E. coli HB101 (pEXI) also is 
able to adhere to ME160 cells, and that this interaction is not 
inhibitable with heparin (data not shown). 

A major property of Opa proteins is the ability to stimulate 
adherence and nonppsonic phagocytosis of the Opa + bacteria 
by polymorphonuclear leukocytes (PMN). This increased as- 
sociation with human neutrophils by Opa* GC was first 
observed by Swanson et ai in 1975 (17, 18). Subsequently, 
several other groups demonstrated that the Opa protein 
mediated interaction to PMN in an opsonin-independent 
manner (19-21). Characteristically, some Opa proteins pro- 
mote strong PMN | phagocytosis such as Opal in M$U, and 
other Opa proteins elicit intermediate interaction. However, 
OpaA GC do not stimulate PMN phagocytosis and behave like 
Opa" organisms (l|0, 13). Although Opa+ GC adhere to and 
stimulate phagocytosis by PMN, they do not adhere to human 
lymphocytes and HL-60 cells (22). Farrell et al (22) also noted 
that the interaction of Opa + GC with neutrophils could be 
enhanced dramatically if the PMN were ©reactivated with 
PMA and suggesteci that the receptors for Opa proteins were 
stored in secondary granules. 

There has been little investigation of the biochemistry of the 
PMN-Opa protein {interaction. It has been reported that Opa* 
GC bind to a 19-kJ5a protein of unknown identity when PMN 
membrane or secondary granules are separated by SDS/ 
PAGE and transferred to nitrocellulose (23). We have found 
that Opal-expressing E t coli are able to bind to a 30-kDa 
surface protein of | PMN. Acting on the possibility that this 
protein might be CGMla, a protein of the carcinoembryonic 
antigen (CEA) family, which is in that molecular weight range 
and is expressed only by mature PMN, we tested transfected 
HeLa Cells expressing this antigen and found that they per- 
mitted adherence of pEXI and thai the bacteria were inter- 
nalized, j 

MATERIALS AND METHODS 

Bacterial Strains, mAbs, and Cell lines. Recombinant opa 
genes from N gonorrhoeae MSll were expressed in £. coli 
HB101 as described (10). The designations of Opa proteins of 
both GC and E edit are based on papers of Swanson et at (7) 
and Belland et ai 1(10). E- coli HBlOl containing the vector 
pGEM-3Z is designated as pGEM, £. coli HBlOl expressing 
OpaA, OpaB, OpjaC, and Opal proteins are designated as 
pEXA, pEXB, pEXC, and pEXI. respectively. Suspensi ns 
were prepared frcjm bacteria grown for 16-20 h at 3TC on 
Luria-Bertani plates containing 50 ng/m\ carbenicillin. £, coli 
strain HH101 does not express type I fimbriae. For the 

Abbreviations: GC tycisseno gonorrhoeae; PMN, polymorphonuclear 
leukocytes; Opa protein, phase-variable opacity protein; CEA, card- 
nocmhryontc arUtgen; NCA, nonspecific crossreacting antigen. 
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coinfection cxpcrirncir a nalidixic add resistant mutant of 
HB101 expressing the )paA protein was employed 

COL-1 mAb, specif c for CGM1 and CEA, was kindly 
donated by Zuorong ihi (Zymed). IB4 mAb, specific for 
CD 18, was generously >rovided by Sam Wright (Ihe Rocke- 
feller University). 

Chang conjunctival tnd HL-60 cell lines were purchased 
from the American Tj ie Culture Collection. HeLa-CGMla 
cells were constructed I y transfecting HeLa cells with CGMla 
cDNA, and selected foi CGMla antigen expression on the cell 
surface (24). HeLa-Ne > ceils are HeLa cells that were trans- 
feet ed with the neom> un-resktance gene only. These HeLa 
cell Ones were kindly p ovided by Fritz Grunert (Institute for 
Immunobiology, Albei :-Ludwigs University, Preiburg, Ger- 
many). 

Adherence and Inte nalizatlon Assays- All cell lines were 
cultured in RPMI 16* ) medium (GIBCO/BRL) with 10% 
fetal calf serum (HyQ me). The HL-60 cell were maintained 
in RPMI 164Q^nediur. containing 10% fetal calf serum, 16 
pg/ml of serine, 8.4 /ml of asparagine, and 16J& puj/ml of 
filutamine: for adhere ice assays, cells were grown to conflu- 
ence («*2 X 10 s cell „ per well) in 24-well culture plates 
(Falcon), and washec "twice with serum-free RPMI 1640 
medium. E. coli were si spended in RPMI 1640 medium to the 
desired OD^o. Bacterii i suspension (0.5 ml) was added to each 
well The plates were i: .cubated at 37°C with 5% COj for 3-6 
h. Experiments were :erminated by washing with 1 ml of 
serum-free RPMI 164C medium for 2 min on an orbital shaker 
at 110 rpm. The wasli procedure was repeated three times. 
Adherent bacteria wen counted by suspending the cells in PBS 
containing 0.5% sapoi in (Calbiochem) and plating dilutions 
on Luria-Bertani-agai medium containing 50 ng/ml of car- 
benicillin. The level - if adherence Of £1 coU to cells was 
calculated by determin ng the colony-forming units associated 
with the host cell monc ayers. Internalization assays were done 
in a similar fashion, rot following the period of bacterial 
interaction with the eel s, the monolayer was washed twice and 
incubated for 90 min w ith 1.5 ml of RPMt 1640 medium/fetal 
calf serum (5%) sup] lcmented with gentamicin (G1BCO/ 
BRL) at a final conce- itration of 100 Mg/mL This concentra- 
tion was capable of kil tag >99.99% of either £ coli or GC in 
the absence of epitheli: I cells. For adherence inhibition assays, 
the bacteria were addo i as a suspension in RPMI 1640 medium 
containing desired co< ^cntrations of heparin (30 pg/ml) or 
antibodies (25 /ig/ml} The experiments were performed in 
duplicate or triplicate. 

Interaction with PA N. PMN from 14 ml of whole human 
blood were purified by cenrrifugation through Porymorphprep 
(GIBCO/BRL). The \ urified PMN were suspended in dPBS 
(PBS containing 5 ml [ MgCh and 1 mM CaQz) at concen- 
tration of 1 X 10 6 pc ml. PMN suspensions (0*5 ml) were 
added to glass coversl ps (10 mm diameter) in 24-weil plates 
and preincubated at 37 *Q with 5% COj for 45 min to allow the 
neutrophils to adhere o the glass surface (13). After washing 
once with dPBS to rci lOvt the nonadherent PMN, 500 pi of 
Opa* & coli suspens Ons (OD540 = 0.04) were added and 
allowed to incubate foi 90 min at 37°C with CO* Nonadherent 
neutrophils and & col were removed by washing three times 
with dPBS, and then tl e PMN monolayers were fixed with 1% 
glutaraldehyde in dPB J containing Giemsa stain. The number 
of bacteria (adherent wd internalized) per PMN was deter- 
mined by microscopy >y counting the E. coli associated with 
100 neutrophils. 

Preparation of Biol cyiated PMN and HL-60 Cell Lysate. 
Purified PMN were si* »pended in 10 ml of dPBS at a concen- 
tration of 1 X 10 6 pei ml, transferred to a 10-cm glass Petri 
dish, and incubated at 37°C with 5% CO2 for 15 min to allow 
attachment to the ! etri dish. Thereafter, 1 mg of N- 
hydroxysuccinimide-] ,G>biotin (Pierce) and phorbol 12- 
myristate 13-acetate ( 00 ng/ml) (Calbiochem) were added to 



the Petri dish 
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and incubated at 37*C with CO2 for 45 min. The 
reacti n was stopped by washing the PMN monolayers three 
times with buffer containing 50 mM Tris and 150 mM NaQ at 
pH 7.4. The attached PMN were extracted with 3.5 ml of 5n 
raM Tris (pH 7.4), 150 mM Nad, 1 mM phenybnethyisulfonyl 
fluoride, 10 ug/ml leupeptin, 50 units/ml aprotinin, and 2% 
Triton X-100 for 30 min. The extracts were centrimged for 5 
min and the supematants were stored at — 2fl°C for future use. 
Since HL-60 cells do not bind to glass Petri dishes, the 
preparations of biotinyiated HL-60 cells were performed in a 
15- ml centrifuge tube in place of a glass Petri dish. 

Binding or {Specific Components from PMN By Opa* £. coli. 
Opa" or Opa* E. coli (pGEM or pEXI) were suspended at 
OD 5tQ ~ 0A\ in 1 ml of 0.05 M Tris/150 mM NaCl buffer 
containing 2^ BSA, 1 mM phenylmethyisulfonyl fluoride, and 
10 ug/ml leupeptin and 50 units/ml aproiinin. Fifty microli- 
ters of biothn/Iatcd supernatant of PMN or HL-60 was added 
the bacterial] suspension, and incubated at 37*C for 120 min 
with gentle snaking. Bacterial suspensions were pelleted. The 
bacterial pellets were used for Western blot analysis. 

SDS/PAGE and Western Blot Analysis. Gel electrophoresis 
and Western [blot analysis were as described (25). The Immo- 
bilon-P membrane (Millipore) with transferred biotinyiated 
bacterial-PMN lysates was incubated in 0.05 M Tris at pH 7.4, 
150 mM NaCl buffer containing 5% vitamin free-casein 
(Sigma) for 4| h at room temperature or overnight at 4 g C The 
blots were washed once with PBS-Tween (PBS containing 
0.05% of Tween-20), and reacted with extravidm-conjugated 
peroxidase (Sigma) diluted 1:20,000 in PBS-Tween with 05% 
casein. After [incubation at room temperature for 1 h, the blois 
three times with PBS-Tween with shaking. Each 
40 min. The biotinyiated proteins were detected 
chemiluminescencc (Amersham). 
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Two Distinct Interactions of Opa* E. coli with Epithelial 
Cells and PMN. The OpaA protein expressed by AT. gonor- 
rhoeae MSll| promotes not only adherence but also internal- 
ization by epithelial cells (11, 12) and this interaction is 
inhabitable wjith heparin (14, 15), pEXA also adhere to Chang 
cells and the interaction is inhibited try heparin (Fig. L4). pEXI 
adhere less well to Chang cells and this interaction is unaf- 
fected by heparin. In contrast, with PMN pEXA adhere poorly 
while pEXI adhere avidly and the interaction with pEXI is not 
inhibited by heparin (Fig. LB). These data confirm that there 
are two distinct interaction mechanisms promoted by Opa 
proteins wittl epithelial cells and PMN. 

Opa + E. coli Binds a 3Q-kDa Band from PMN Lysate. 
Among the Opa proteins, Opal, whether expressed by GC or 
by R coli (pEXI), shows the strongest association with PMN 
(10). HL-60 cells are unable to support adherence by Opa* GC 
(22) and were used as a negative control. Wc examined 
whether Opal* bacteria bind to a specific protein from PMN 
lysed with Triton X-100. Activated and surface-biotinylated 
PMN or HLj60 cells were hysed in 2% Triton X-100. and then 
Opa" E. coli ,(pGEM) and pEXI were used to extract compo- 
nents from the lysates. Fig. 2 shows thai pEXI specifically 
bound a 30-ltDa band that was not seen with the control strain 
pGEM. Neither pEXI or pGEM bound proteins in the HL-60 
lysates. I 

Opal* £. \coli Adheres to HeLa Cells Expressing CGMla 
Antigens, But Not the HeLa Control Cells. Based on the 
molecular weight of about 30 kOa and the restricted expression 
in mature granulocytes we speculated that the component 
responsible for PMN and pEXI interaction might be CGMla. 
This protein ps a member of the CEA family, is restricted to the 
granulocyticjline and is about 30 kDa in size. Wc used a stably 
transferred CGMla HeLa cell line (HeLa-CGMla) to test this 
hypothesis, and the HeLa cell line transfer ted only with the 




PAGE 2503 ' RCVD AT 12/12/2003 8:59:50 AM [Eastern Standard Time] • SVMSPTO-EFXRF-2/0 4 DfOS:7463122 1 CS1D:202 672 5443 • DURATION (mm-ss):164! 



12/12/2003 09:14 FAX 202 672 5443 F&L 4th FLR REAR 

Microbiology: Che o ^. itscfalich 



.The 
three 
»C1 at 
of 50 
fonyl 
d2% 
for 5 
- use. 
, the 
J ra a 

coff . 
cd ai 
mffcr 
-i,and 
■croli- 
idded 
0 min 
LThe j 

orcsis | 
mmo- 
ylated 

casein 
-The 
aining 
igated 
.0.5% 
: bluis 
. Each 
tcctcd 



theiial 

go/mr- 
.e mill- 
ion is 
Chang 
pEXI 
unaf- 
poorly 
! is not 
: there 
y Opa 

^sate. 
GC or, 

PMN 
a*GC 
mined 

PMN 
ylated 
dthcn 
ompo- 
ifically 

Strain 
HL-60 

CM la 
m the 
cssion 
wncnt 
3Mla. 
:to the 
stably 
^st this 
iih the 



Cti ing Cells 
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Bacteria were incubated with FMN for 
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vector (HeLa-Nco) served is a control. As shown in Fig. 3L4, 
there was no adherence of j OEM to the cell lines, but pEXA 
adhered to both Cell lines. pEXI attached to HeLa-CGMla 
1 CDs only. Furthermore! tb : OpaA protein-mediated adher- 
ence could be blocked by so uble heparin in both cell lines, but 
the adherence of pEXI to h sLa-CGMl was not influenced by 
heparin. Qualitatively sirail ir results were obtained when the 
adherence of Opa", OpaA H and OpaI + GC to the transfected 
HeLa cells was determuw d (Fig. 35) CGMla-HeLa also 
bound OpaB + and OpaC* i . coli (pEXB and pEXQ and their 
corresponding Opa + GC tc a lesser extent (data not shown). 

The Interaction of Opal* E. coU to HeLa-CGMla Cells Was 
blocked by Anti-CGMl n Ab. We investigated whether a 
specific mAb to CGM1 coi Id inhibit this interaction. COL-1 
mouse mAb (IgG2a) is spe< iftc for CGM1, and docs not react 
with nonspecific crossreat ring antigen (NCA), BGP, and 
CGM6 antigens which are acpresscd by PMN (27) (see Dis- 
cussion for description of tl esc antigens). AnD-CDlfi-sperific 
mAb. IB4 (lgG2a), was enr iloyed as a control antibody. Only 
COI^l antibody inhibited the interaction of Opal 4, E. coli 
(pEXI) to HeLa-CGMla (1 4). COL-1 mAb did not inhibit 
tie OpaA mediated adher nee to HeLa-CGMla cells (data 
not shown). This antibody a odd not be examined for effects n 
the adherence of pEXI I 3 PMN since it rapidly caused 
significant changes of mort bology of PMN. 
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Ftc. 2. pGEM and pEXI reacted with surface biotinylated PMN 
and HL-60 cells. PMN or H WO ceils were lyscd with Triton X-100 and 
mixed With bacteria. After incubation the bacteria were recovered by 
centrifugatton. lysed, the lysates subjected to SDs/PAQE and trans- 
ferred to Immobflon-P membrane. Biotinylated proteins were de- 
tected by staining with extravjdin-conju gated peroxidase and cbcim- 
lumlnescence. PMN total lysate (lane )) and HL-60 cell total lysate 
(lane 2). Proteins recovered from PMN lysate with pEW (lane 3) and 
pGEM (lane 4). Proljcins recovered from HL-60 cells lysate with pEXI 
(lane 5) and pGEM (lane 6). pEXI bind a 30-kDa band specifically 
from PMN lysates | (lane 3). The 23-kDa protein recognized by 
extravidin is probably the biotin carboxy carrier protein found in£. coli 
(26). 



Hie Internalization of OpaI + JSL coH by HeLa-CGMla. Once 
COM la was shown to be the receptor of adherence for Opal 
protein, we determined whether this interaction would promote 
invasion of the HeLa-CGMla cells. As shown m F\g. 5 V pGEM 
(Opa") could not] adhere to or enter the HeLa-CGMla. In 
contrast, HeLa-CGMla bound and strongly engulfed pEXI 
(Opal*). Almost 30% of HcLa cell-associated bacteria were 
gentamicin resistant pEXA (OpaA*) adhered to HeLa-CGMla 
(F«g. S4), but were 1 not internalized (Fig, SB). When coinfected 
with pEXL pEXA|still was unable to invade the HeLa-CGMla 
cells (data not shown). This indicates that the bacteria need to 
bind to a specific receptor to activate the internalization system 
and this is distinctly different from the inacn^inocytosis reported 
for Salmonella subspecies (28). The invasion by pEXI was con- 
firmed by electron! microscopy. Both surface adherent bacteria 
(Fig. 64) as well as bacteria deep in the cells in a membrane 
bounded compartment were seen (Fig. 6B). 

| DISCUSSION 
Clinical GC isolated cither from the male urethra or from the 
cervix of an infected female (except at the time of menses), are 
most often Opa*|(29-31). Male volunteers inoculated intra- 
urethrally with Opa" strains of GC, when they became in- 
fected, shed primarily Opa* variants of most Opa protein types 
(7, '8), Furthermore, a recent study showed high level f 
Opa-specific antibody and protection against gonococcal sal* 
pingitis (32). Taken together, these data suggest strongly that 
in vivo expression| °^ ^P a P rotems plays an important role in 
gonococcal pathogenesis. Recent work from two independent 
laboratories demonstrated that the OpaA protein of MS11 
utilized heparan sulfate on syndecan glycoproteins as receptor 
molecules to interact with epithelial cells (14, 15). This inter- 
action results in the internalization of OpaA GC into epithelial 
cells (15)- In c nhjast, PMN lack receptors for OpaA, but have 
receptors for other Opa proteins (10. 13) and these seem to be 
stored within secondary granules (22). 
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Fig. 4. Inhibition of CGMla mediated adherence by Hnimody 
Addition of COL-1 antibody inhibited adherence of pEXI io HeLa* 
CGMla. IB4 Antibody hud no effect when added to the same final 
conceniratlons (25 pg/ml). The interaction of pEXI with HeLa. 
CGMla was for 2^ h. 

CGMl antigens of neutrophils belongs to the family of CEA. 
Studies trying to identify tumor-specific antigens led to the 
discovery of CEA, a 180-fcDa cumor associated cell-surface 
glycoprotein on colon cancer cells (33. 34). Subsequently, it 
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a+ E. coli and GC with HcU-CGMla 
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Fig. 5. The internalization of pEXI by HcLa-CGMla cells. 
pGEM, pEXA, and pEXI at OD540 * 004 were incubated with 
HeLa-CGMla cells in RPMI 1640 medium far 6 h. Unbound cells were 
removed by replacing the supernatanis with fresh RPMI medium 1 640 
(1 ml per well per wash) at 3-h intervals. The adherent and intracellular 
E. coft* were distinguished by incubation with gentamicm. Only pEXI 
were recovered in large numbers following gentamicin treatment, 
although both pEXA and pEXI adhered to the HeLa- CGMla, 
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Fig. 6. Tram mission eleetror micrograph of intenuucatian of 
pEXI by HeLa-CGMla cells, i/i ) Jpal* £ cob arc shown in the early 
stage of interaction with HeLa-O fMla cdla. (A) The iniemalfeed £ 
raff are dearly enclosed within /csiclcs as indicated with arrows. 
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dent on the immunogiobulin-like N-terminal domain This 
IgV-lflce portion of the molecule is strongly conserved among 
different rnembcis of the CEA family and CG Ml consists 
solely of this certain. Taken together with our results pre- 
sented for CGMla neutrophil antigen, it would appear that 
several CEA famfly members may serve as receptors. CD66a 
antigen is expressed in many tissues including urogenital 
epithelial cells (40). It remains to be determined whether the 
qpa-mediated interaction recognizes the CEA protein struc- 
ture or a grycosylapon pattern shared by this family of proteins. 
It has been previously reported that the type I fimbriae of £. 
coU attach to purified CEA, binary glycoprotein, and NCA 
(47), and that ma nnose-inbibitable adherence to neutrophils 
was dependent oi the presence of NCA-50 (48). It has been 
demonstrated tha t this reactivity is due to high mannosc type 
oligosaccharides found on the three glycosylation sites in the 
N-terminal domain of this antigen (49). 

Internalization lof microorganisms into either professional 
or nonprofessional cells by phagocytosis require the reorga- 
nization of the acjin-based cytoskeleton. This act in assembly is 
initiated by signals arising from the interaction of phagocyto- 
sis-promoting receptors on the cell surface with ligands on the 
surface of the microorganisms such as invasin on Yersinia 
pseudotuberculosis (50, 51). Several receptors haVe been iden- 
tified to mediate binding and ingestion of phagocytic particles. 
The best-characterized receptors are the opson in-recogn izing 
receptors including the various types of receptors for the Fc 
portion of IgG (FUfc) (52). After the opsonized bacteria bind 
the Fcj RIII, tiiejtyrosine-acdvation motif on the cytoplasmic 
domain of Fc T RIII is activated by phosphorylation. These 
phosphorylated tyrosine residues within tyrosine-activati n 
motife, can recruft another tyrosine kinase, Syk, whereupon it 
becomes activated. Activation of Syk as a result of clustering 
of receptors by antigen, in the case of T and B cells, or by 
immune complexi ss, in the case of Fc 7 and Fc B receptors, leads 
to phagocytosis cjr actin polymerization (53). In fact, CGMla 
has a cytoplasmic domain where tyrosines He within a sequence 
contexi (YXaLX-jYXaM) (24), which is similar to the consen- 
sus sequence ("MLYL" motif: YX : LX ? YX 2 L/I) found in the 
cytoplasmic domain of molecules of multichain immune rec- 
ognition receptors (54). Since the cytoplasmic domains of 
CGMla contains a tyrosine-actrvation motif-like motif, it is 
possible that in the HeLa transfectants CGMla may have 
acted not only as receptor for the adherence of OpaI + E. coli, 
but also as a signal transducing molecule initiating the inter- 
nalization of the bacteria. The role of CGMla in PMN 
physiology remains to be explored. 

The biological tale of the GC Opa proteins is now becoming 
clearer as the eukaryotic ligands for these proteins are being 
elucidated. It hasjbecn established thai a subset of opa proteins 
binds to syndecans (14, 15). Syndecans serve as receptors or 
coreceptors for growth factors, for cell-to-ccll interactions and 
for cell interactions with extracellular matrix components 
(reviewed in refJ55). The finding that MS 11 Opal as well as 
OpaB and OpaCf bind to neutrophil CGMla defines a new 
molecular basis for the adherence of GC to host surfaces. The 
extent that this specificity applies to other members of the 
CEA family of proteins and the role that these interactions may 
have in signaling fhc internalization of GC by both neutrophils 
and epithelial cells will prove a fertile area for investigation. 
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